Desalination of Produced Water Using Bentonite as Pre-Treatment and Membrane Separation as Main Treatment  by Shahruddin, Munawar Zaman et al.
 Procedia - Social and Behavioral Sciences  195 ( 2015 )  2094 – 2100 
Available online at www.sciencedirect.com
1877-0428 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Istanbul Univeristy.
doi: 10.1016/j.sbspro.2015.06.237 
ScienceDirect
World Conference on Technology, Innovation and Entrepreneurship
Desalination of Produced Water Using
Bentonite as Pre-Treatment and Membrane
Separation as Main Treatment
Munawar Zaman Shahruddina*, Nur Hidayati Othmana, Nur Hashimah Aliasa,
Siti Noorfatin Adila Ghania
aDepartment of Oil and Gas EngineeringUniversiti Teknologi MARA, Shah Alam, Malaysia
Abstract
Produced water is any water that is present in an oil and gas reservoir and is frequently referred to as “connate water” or 
“formation water”. It will become produced water when these fluids are brought to the surface. Due to the hazardous content in 
the produced water, it needs to be treated prior being released to the environment. This study is carried out to determine the
capability of bentonite to adsorb Total Dissolved Solids (TDS) of the produced water after it was brought from the offshore. This 
pre-treatment is to ease the separation of polymeric membrane for a better produced water treatment. Produced water was tested 
by using the membrane testing rig to determine the TDS rate of rejection and the membrane permeate flux per unit area. The 
process will be conducted in three different conditions; 1) without the addition of bentonite, 2) with the pre-treatment using 
bentonite and 3) with the pre-treatment using bentonite and the addition of bentonite in the membrane solution, in order to 
determine which approach give the best results. From the result of experiments, set 23 of polyethersulfone membrane (PES) was
chosen as the best membrane based on its rejection rate and permeation flux of 17.15% and 0.0453 ml/cm2.psi. Therefore the 
study suggested that pre-treatment using bentonite is promising approach to enhance the membrane performance in treating 
produced water.
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1. Introduction
Produced water has a complex composition but its constituents can be broadly classified into organic and 
inorganic compound (Igunnu and Chen, 2012). Based on the previous studies, produced water that is discharged 
from gas or condensate production is most likely to be ten times more than the discharged of produced water from 
oil production (Jacobs et al., 1992).  Either from gas or oil production, water from offshore or onshore drilling works 
is very contaminated. Desalination process might help in this problem since only a very small part of water in the 
world has been processed by nature for use in ecosystems, industrial, and agricultural purposes (Fabien, 2000). This 
water that obtained from the desalination can be used to aid for waterflood operations in enhancing the reservoir 
performance.
Despite of conventional methods such as gravity separation, chemical and biological treatments, membrane 
separation has been proved to become a very promising approach as an alternative in treating produced water (Aroon 
et al., 2010). However, the performance of a membrane is highly depending on the membrane porosity, permeability 
and hydrophilicity of the materials used. For instance, Polysulfone (PSF) and Polyethersulfone (PES) are proved to 
be a hydrophobic membrane whereby to produce the highly porous and permeable membrane using those two 
polymers is not an issue (Zhao and Zhang, 2011). Therefore, many researches have been conducted to overcome the 
aforementioned problems. Poly vinyl pyrrolidone is one of additive membrane materials that being used to enhance 
the porosity, permeability and hydrophobicity of the PSF and PES membranes (Quadir and Folttman, 2008; Johnson, 
2002). The studies indicated that the permeation flux and the solute rejection of the intended components were 
enhanced as a result of the addition of PVP in the membrane formulation (Quadir and Folttman, 2008; Johnson, 
2002).
In a different aspect, Total Dissolve Solid (TDS) that reside the produced water are another challenge for 
membrane separation technologist. TDS will accelerate the occurrence of the membrane fouling that will render the 
membrane ineffective. As a result, frequent backwash and services are needed to rejuvenate the membrane function 
which something that should be avoided by means for commercial usage (Naim et al., 2004). Thus the need of 
material to specifically deals with the TDS in the produced water is inevitable to ensure the smooth-running of the 
separation process. Bentonite has been long investigated as another membrane additive to separate oily components 
in the produced water. It is due to the properties of bentonite itself which is colloidal, hydrophilic and the capability 
to adsorb the oily component (Naim et al., 2004). There are several options to utilize bentonite in treating produced 
water. It can be in a form of pre-treatment (spread it on the produced water before treated using membrane), 
impregnate in the membrane matrix (composite membrane) or even both methods at once.
Therefore, this study will look at the effectiveness of bentonite to support the PSF and PES membrane in treating 
produced water via pre-treatment, composite membrane or a combination of both. The rejection rate of TDS and 
membrane permeation flux will be treated as the indication of membrane performance to determine the most 
effective membrane in treating produced water.
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2. Methodology
2.1. Materials
All materials were purchased from Sigma Aldrich (M) Sdn. Bhd., Selangor. Two types of polymeric materials 
used were polysulfone (PSF) and polyethersulfone (PES). In order to improve the pores size, polyvinylpyrrolidone 
(PVP) was blended together with the membrane solution. N-methyl pyrrolidone (NMP) was used as a solvent 
whereby distilled water was utilized as non-solvent. The polymeric materials were divided into 8 sets for each stage 
respectively as shown in Table 1.
2.2. Experimental works
Membrane samples were casted according to phase inversion method. The stirring process was done in flat 
bottomed flask to ensure the polymeric materials dissolved thoroughly with the help of solvent. The flask needs to 
be covered with aluminium foil to prevent the solution from being contaminated. The membrane solution was then 
casted and solidified for about one night before the solvent being washed out. Membrane testing rig was used to 
filter the produced water using   the   designated   membrane   stated.   After the experiments were done, the results 
of TDS rejection rate (%) and permeation flux (ml/cm2.psi) were tabulated. The best membrane was selected at the 
end of the experiment.
       Table 1. Designation of membrane sets for treatment
Designation PSF (wt%) PES(wt%) PVP(wt%) NMP (wt%) Bentonite
Pre-treatment Combination
Set 1 11 2 87
Set 2 13 2 85
Set 3 11 4 85
Set 4 13 4 83
Set 5 11 2 87
Set 6 13 2 85
Set 7 11 4 85
Set 8 13 4 83
Set 9 11 2 87 /
Set 10 13 2 85 /
Set 11 11 4 85 /
Set 12 13 4 83 /
Set 13 11 2 87 /
Set 14 13 2 85 /
Set 15 11 4 85 /
Set 16 13 4 83 /
Set 17 11 2 87 /
Set 18 13 2 85 /
Set 19 11 4 85 /
Set 20 13 4 83 /
Set 21 11 2 87 /
Set 22 13 2 85 /
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Set 23 11 4 85 /
Set 24 13 4 83 /
3. Result and Discussion
3.1. Filtration of Raw Produced Water
The filtration of raw produced water pressure was regulated at 30 psi for 2 hours of elapsed time. The results 
were shown in Figure 1.
From the figure, with the same amount of PVP but different amount  of  PSF,  Set 1 gave  lower  rejection  rate  
of  TDS compared to Set 2, however Set 1 produced a higher flux. After adding 4% of PVP to both samples, which 
designated as Set 3 and Set 4, both parameter values increased. Set 3 displayed a lower TDS rejection rate compared 
to Set 4 but the permeation flux is higher. The differences in the percentage of rejection rate and permeation flux also 
can be influenced by the amount of polymeric material itself. 13% of PSF rejected TDS more than 11% of PSF, this is 
because the as the amount of polymeric material increases, the size of pores becomes smaller and stacked closely to 
one another (Nature Technology Solution, 2005).
Fig. 1. Summary of filtration of raw produced water
The addition of PVP however increased the permeation flux slowly (Nature Technology Solution, 2005). The 
addition of PVP in the membrane solution must be in appropriate amount to prevent macrovoids and the formation 
of pin holes to the membrane structures (Pavel et al., 2005). The same pattern was followed for the rest of the sets of 
PES. Based on the membrane performance, Set 7, which comprised of 11% of PES with 4% of PVP presented the 
best results.
3.2. Filtration of Produced Water with the Dispersion of Bentonite in the Water as the Pre-treatment
This experiment involved using the dispersion of bentonite in the produced water. The results of experiments 
were depicted in Fig. 2.
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Fig. 2. Summary of filtration of produced water with the dispersion of bentonite in the water as the pre-treatment
From the results obtained in Table 3, Set 15 gave out the highest permeation flux of 0.0378 ml/cm2.psi while the
lowest flux came from Set 10.  The permeation flux was increasing as the amount of PVP increased. The 
interconnected pores made by PVP improved the flow of the water (Nature Technology Solution, 2005). The 
percentage of TDS being rejected was also increased in general because the readily absorbed bentonite helps to 
absorb the oily components, together with the inorganic   materials.   Part   of   the   metals,   debris,   inorganic 
components as well as the dissolved solids had been adsorbed by bentonite before hands. The membranes pores that 
were estimated for 11-13% of PSF with 2-5% of PVP are approximately 10-24 μm (Wintgens et al., 2005). PES in 
the other hand can elongate the pores up to 24% and 30% in the longitudinal and cross directions respectively (Hong 
et al., 2008). To conclude, PES has the better permeation flux compared to PSF, but PSF did show a great 
performance in rejecting TDS and inorganic materials. Based on the same criteria of performance, Set 15 (11% of 
PES with 4% of PVP) was chosen as the best membrane sample.
3.3. Filtration of Produced Water with the dispersion of bentonite in both water and membrane solution
This experiment is divided into two stages; 1) The pre-treatment using bentonite and 2) The membrane treatment 
with the dispersion of bentonite in the membrane solution. The results are as follows:
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Fig. 3. Summary of dispersion of bentonite in both produced water and membrane solution
For the above stage, from overall view both parameters displayed significant increases in data recorded. This is 
primarily because of the absolute effect of bentonite adsorption to the properties of the membrane as well as the 
produced water itself (Khaled et al., 2011). Bentonite strengthened the membrane layer and   makes the structure 
sturdier, harder to break and deform, other than plays its part as clay, adsorbing the oily contents in the water. From 
table above, it was clearly showed that the increase of solute resulted in the decrease of rejection of TDS 
(Liangxiong et al., 2003). As conclusion, at this stage the best optimized results went to Set 23, with 11% of PES 
and 4% PVP. It gave out the highest permeation flux but fell slightly lower for the rejection of TDS compared to set 
24.
In overall, both PSF and PES showed an improvement in their performances as the procedures continued. 
However, between PSF and PES, a significant difference can be seen from the results obtained. PSF can reject TDS 
better than PES but give poor performance on producing higher permeation flux compared to PES. Since the contact 
angle of PES is smaller than PSF, which  is 44º,  it  reacts  well  with  the  water  and  give  out  higher  flux. 
However, optimization was made to ensure the best achievement. 11% of PES with 4% of PVP was chosen to be 
best sample with the best performance.
In future, if this experiment was to be expanded, a few recommendations has to be made so that  a better results 
could be obtained such as the properties of the produced water should be studied in more details so that every 
properties can be well known, emphasize more on the morphology of the membrane materials, conducting an 
experiment which include  hydrophobic-typed  of membrane, so that the data received can be compared later, apply 
a standard method of membrane fabrication and put in more parameters to the scope of the experiment so that the 
analysis can be any better.
4. Conclusion
Polymeric membranes were successfully fabricated to filter the produced water by using the Membrane Testing 
Rig. The objectives for this research project were achieved. The capability of bentonite to adsorb oily components of 
produced water is proven analytically. The value of conductivity is decreasing gradually from a stage to another, 
showing that the amount of inorganic compound is reducing. But, membrane fouling did happen rarely because of 
high level of TDS and microorganisms itself. Apart from that, the second objective was also achieved by the success 
in being able to gauge the performance of the polymeric membrane. They were evaluated based on the permeation 
flux and the TDS rejection rate. From all of the samples that had been examined, the data showed a reliable result. 
The permeation flux is increasing as the rejection rate of TDS is decreasing. The highest rejection rate of TDS 
achieved  was  20.07%  while  corresponded  to  the  value  are  the lowest permeation rate which is 0.0208 
ml/cm2.psi. In overall, the results demonstrated PES membranes has better water flux than PSF, but PSF membranes 
showed a high rejection towards TDS. However, based on the balance value between these two parameters, Set 23 
gave the best performance of all.
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